To examine dietary intakes in relation to long-term serum lipoprotein changes in a prospective cohort study with 7 y of follow-up, serum lipids were analyzed by enzymatic methods, while food intake was calculated from validated food frequency questionnaires. First-and second-generation Japanese-Brazilians ( n ϭ 316) living in Bauru, São Paulo/Brazil, of both genders, aged 40 to 79 y were assessed at baseline in 1993. Multiple linear regression models were used with changes in serum lipoproteins as the dependent variable and changes in dietary intakes as the independent variables, adjusted for confounding factors. In energy-adjusted analyses, changes in serum total cholesterol were inversely associated with changes in total dietary fiber, fruits/fruit juices and vegetables after adjustment for age and gender. Each increase of 10 g in the consumption of total dietary fiber was associated with a reduction of 12.5 mg/dL in the serum total cholesterol ( p Ͻ 0.05). Our results highlight the importance of increased intakes of total fiber, fruits and vegetables to prevent and control dyslipidemia in Japanese migrants.
The impact of cardiovascular diseases (CVD) to the global burden of disease among non-communicable diseases is well established. WHO currently attributes onethird of all global deaths (15.3 million) to CVD. Behavioral risk factors such as inappropriate nutrition, insufficient physical activity and tobacco consumption have been associated with CVD. Overweight, central obesity, high blood pressure, dyslipidemia and diabetes are among the biological factors related to increased risk ( 1 ) . Many of the identified risk factors for CVD, mainly raised serum values of total cholesterol and low-density lipoprotein (LDL-cholesterol), and low levels of highdensity lipoprotein (HDL-cholesterol), are influenced by dietary factors and can be modified by dietary interventions ( 2 ) .
The effect of various dietary components on the serum lipids has been considered the key link in the causal pathway that connects diet to CVD. Conflicting results, however, have been reported in both animal and humans studies ( 1 ) . Nevertheless, investigations focused on foods and other dietary factors associated with long-term serum lipoprotein changes are scarce in the literature. Several reports showed that Japanese migrants are at high risk for diabetes type-2 and related diseases such as dyslipidemia, especially when com-pared with those observed in Japan. Changes in lifestyle including a high energy density diet and low physical activity together with genetic predisposition have been implicated in the metabolic disturbances ( 3 , 4 ) .
Therefore, there has been concern about whether or not dietary factors are associated with long-term serum lipoproteins changes to prevent and/or control dyslipidemia in Japanese migrants. Thus, the present study evaluated the dietary predictors of changes in serum lipoproteins in Japanese-Brazilians during a follow-up of 7 y.
MATERIALS AND METHODS

Study population.
A total of 316 women and men of Japanese ancestry aged 40-79 y in 1993 who participated in the Japanese-Brazilian Diabetes Study (JBDS) was included in this analysis. The JBDS is a populationbased study designed to investigate the occurrence of glucose intolerance and associated risk factors in Japanese-Brazilians living in Bauru, São Paulo State, Brazil. The JBDS was established in 1993 when 647 subjects of first (37.3%) and second generation (62.7%) were assessed in the first cross-sectional survey. In 2000, a second cross-sectional survey was carried out in 394 subjects (61% of those eligible). Sampling strategies, participation rates and results were reported elsewhere ( 5 , 6 ) . Of the total study population assessed in 1993, 69 subjects (10.6%) had died, 57 (8.7%) had moved and 127 (19.7%) refused to participate. The percentages of non-responders were 15.8% and 12.6% for first-and second-generation, respectively. No differences concerning gender or age distribution were observed among responders and non-responders from either generation. A total of 316 participants (48.8% of those eligible) who completed dietary and/or serum lipids information remained in the analysis. The study was approved by the Institutional Ethics Committee and written informed consent was obtained from all participants.
Data collection. For data collection a uniform questionnaire was used, including demographic, socioeconomic, cultural and biological aspects. Participants were interviewed at home by trained personnel and scheduled for laboratory procedures.
Blood pressure was measured three times, with the subjects in the sitting position, after a 10 min rest, using an automatic device (model HEM-712C; Omron Healthcare, Inc, Vernon Hills, IL, USA). The average of the two last measurements was used to express systolic and diastolic blood pressures (SBP and DBP, respectively). Hypertension classification was based on the World Health Organization criteria ( 7 ) .
Body weight was measured while subjects wore light clothing and no shoes using calibrated electronic scales. Height was measured with a fixed stadiometer. Waist circumference (WC) was measured at the level of the umbilicus. Body mass index (BMI) was calculated by dividing weight (in kg) by the height squared (in m). Overweight and obesity were evaluated using the WHO criteria ( 1 ) . Central obesity was defined as a waist circumference Ն 80 cm for women and Ն 94 cm for men ( 1 ) .
Dietary assessment. In 1993, food consumption was assessed using a food frequency questionnaire (FFQ) developed according to Tsunehara et al. ( 8 ) . In 2000, the FFQ had been previously validated for Japanese-Brazilians ( 9 ) . Subjects were asked the usual consumption frequency of foods and food groups listed (122 items) during the previous year. Four portion sizes were given for selection: small, medium, large and extra large.
Questions concerning use of sauces, frequency of visible fat intake and type of fat used in cooking procedures were also included. Complete rechecking of the coding, as well as double keying, was performed. In addition to standard range edits, internal consistency edits and nutrient calculations for the diets were performed using Dietsys 4.01 software ( 10 ) . The nutrient database used was based primarily on US Department of Agriculture publications supplied by Dietsys, supplemented by the most recent edition of standard food composition tables of Brazil and Japan ( 11 ) .
Analytical procedures. Blood samples, under fasting and 2-h after a 75 g anhydrous glucose load, were collected for several determinations including plasma glucose and serum lipid profile. Plasma glucose was determined by the glucose-oxidase method. Glucose tolerance status was based on WHO criteria ( 12 ) . Cholesterol contents of lipoprotein fractions and serum triacylglycerol were measured by enzymatic methods. The cut-off values for definition of dyslipidemia were: total cholesterol Ն 200 mg/dL or LDL-cholesterol Ն 130 mg/dL or TG Ն 150 mg/dL and/or HDL-cholesterol Ͻ 40 mg/dL ( 2 ) .
Statistical analysis. Mean values and standard deviations (SD) were calculated for BMI, waist circumference, blood pressure and serum lipoproteins, according to gender. Due to non-normal distributions, dietary variables were expressed as median values and interquartile ranges, and their natural logarithms were calculated before statistical analysis. Changes in dietary variables and serum lipoproteins were defined by taking the difference between the two measurements in 2000 and 1993. A paired t -test was used to compare differences within groups.
Pearson correlation coefficients were used in assessing potential associations of changes in dietary variables with changes in serum lipids, selected nutrients and foods variables with p Ͻ 0.05. These associations were further investigated using multiple linear regression models, with changes in serum lipoproteins as the dependent variables and changes in dietary intakes (adjusted for total calories using the residual method) as independent variables. The models were adjusted for confounding factors: age, BMI and waist circumference values in 1993 (continuous variables); gender, smoking in 1993 (yes or no), habitual alcohol intake in 1993 (yes or no) and presence of morbidity diagnosed during 7-y follow-up (diabetes, hypertension and/or use of medications that interfere with fat or carbohydrate metabolism). All statistical analyses were performed using the SAS software version 8.2, with pϽ0.05.
RESULTS
Among the 316 Japanese-Brazilians enrolled in this study 47.8% (nϭ151) were men. In 1993 the proportions of first-/second-generation among women and men (0.50) and the mean age (ϩSD) in both genders were similar (57.4Ϯ9.9 y for women; 56.8Ϯ9.9 y for men). Of these subjects, 11.9% and 18.8% were current smokers among men and women, respectively.
The mean differences between 1993 and 2000 of anthropometrical measures, blood pressure and serum lipoproteins according to gender are shown in Table 1 . For both genders, there was a significant increase in the values of SBP in 2000, without significant differences in the values of BMI or serum total cholesterol. A significant decrease in serum LDL-cholesterol together with an increase in HDL-cholesterol and triacylglycerol val-ues was observed (pϽ0.05 for both genders). A significant reduction in the values of WC was observed only in women. Frequencies of obesity were not high (females: 6.4% in 1993 and 7.9% in 2000; males: 9.2% in 1993 and 9.3% in 2000). However, a higher proportion of central obesity was observed, mainly among women . Table 2 presents median daily intake and mean differences (%) between 1993 and 2000 of nutrients and selected food items, according to gender. In both genders, there was a significant decrease in the percent of total energy from protein and in the intake levels of cholesterol and red meat. In contrast, a significant increase was observed in total fat, oleic and linoleic acids, with increased intake values of milk/dairy products and fruit/fruit juices.
Changes in serum total cholesterol were inversely associated with changes in dietary fiber and fruits/fruit juices after adjustment for age and gender (Table 3) . Further adjustment for BMI, WC, morbidity, smoking and alcohol status in 1993 (model 2) did not appreciably alter the regression coefficients for these foods, whereas the regression coefficient for vegetables become significant after multiple adjustment. Using the antilog of the mean value for the beta coefficient of the multiple linear regression model (model 2), each increase of 10 g in the consumption of total energyadjusted dietary fiber was associated with a reduction in 12.5 mg/dL of serum total cholesterol after 7 y of follow-up. Inverse association of changes in the LDL-cholesterol and changes in the total dietary fiber cholesterol was observed only in the age-gender adjusted regression model. There were no significant associations with changes in serum lipoproteins or changes in other dietary factors (data not shown).
DISCUSSION
Considering the limitations inherent in the cross-sectional nature of our data, the extrapolation of our findings may be carefully considered. Japanese-Brazilians are at high risk for diabetes and related morbidities when compared to the general population or Japanese living in Japan. In addition, as we could assess around 50% of the subjects of the original sample in 1993, a selection bias should be considered in this study, including more healthful or motivated subjects in the survey carried out in 2000. However, no difference concerning gender or age distribution was observed among participants or non-participants from either generations.
Evidence from clinical trials suggests that the reduction in dietary intakes of saturated fat with higher intakes of monounsaturated fatty acids decreases serum levels of LDL-cholesterol and total cholesterol when compared with diets rich in saturated fats (around 20% of total energy) (13) (14) (15) . In our study, there was no significant correlation between changes in the intakes of total fat, saturated fat, fatty acids or cholesterol with changes in the serum lipoproteins in a 7-y period.
Our results are in accordance with a previous clinical trial that found significant inverse correlation between changes in total dietary fiber and changes in serum LDL-cholesterol and total cholesterol (16). Brown et al. (17) , in a meta-analysis of 67 controlled trials, assessed the cholesterol-lowering effect of dietary fiber. They found that dietary soluble fiber (2-10 g/d) was associated with small but significant decreases in serum LDLcholesterol and total cholesterol, independent of study design, treatment length, or background dietary fat content: 3 g of soluble fiber from oats (3 servings of oatmeal, 28 g each) can decrease total cholesterol and LDL-cholesterol by ª0.13 mmol/L. Davy et al. (16) , in a trial conducted for 12 wk among men aged 50-75 y, found that soluble fiber was more efficient in reducing smaller and denser LDL particles when compared with insoluble fiber using 14 g/d of fiber from oats (soluble fiber) or from wheat (insoluble fiber). The effect of dietary soluble fiber on the reduction of serum LDL-cholesterol and total cholesterol provided new recommendations from the National Cholesterol Education Pro-gram (2) that currently emphasize the intake of dietary soluble fiber (20-30 g/d) as a coadjutant in the treatment of dyslipidemia. However, the mechanism by which dietary fiber reduces the levels of serum lipids is still unknown. Because of the fact that dietary fiber is a confounding factor for other determinants of cardiovascular disease, benefits of this nutrient could be related with other food components present in naturally high fiber foods (1) .
In Brazil, a previous cross-sectional population-based survey of 1,045 adults in São Paulo found that higher intake levels of fruits and vegetables (at least once a day) were associated with 5.2 mg/dL and 5.5 mg/dL decreases in serum LDL-cholesterol, respectively (18) . In the present study, a significant inverse relation between fruits and vegetables intakes and serum cholesterol was observed. Many prospective studies have showed the protector effect of fruit and vegetable intakes on cardiovascular events (19) (20) (21) (22) (23) (24) . However, similar to the dietary fiber effect on the serum levels of LDL-cholesterol and total cholesterol, fruits and vegetables have also many other components, such as antioxidants, folate, flavonoids and carotenoids, that may reduce the risk for cardiovascular diseases (1). In contrast, the quantity and quality of dietary fiber have been suggested to play different roles in glucose metabolism. Very high intakes of fruits and fruit juices (usually with added sugar), white bread, and refined rice may increase risk of impaired glucose disturbances among Japanese-Brazilians (25) .
In conclusion, our data show that increased intakes of dietary fiber, fruits and vegetables have a strong contribution to serum lipids in Japanese migrants and highlight the importance of nutritional intervention strategies to increase the consumption of fruits, vegetables and other naturally high fiber foods in the prevention and control of dyslipidemia in this population.
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